How perceptual information is encoded into language and conceptual knowledge is a debated topic in cognitive (neuro)science. We present modality norms for 643 Italian adjectives, which referred to one of the five perceptual modalities or were abstract. Overall, words were rated as mostly connected to the visual modality and least connected to the olfactory and gustatory modality. We found that words associated to visual and auditory experience were more unimodal compared to words associated to other sensory modalities. A principal components analysis highlighted a strong coupling between gustatory and olfactory information in word meaning, and the tendency of words referring to tactile experience to also include information from the visual dimension. Abstract words were found to encode only marginal perceptual information, mostly from visual and auditory experience. The modality norms were augmented with corpus-based (e.g., Zipf Frequency, Orthographic Levenshtein Distance 20) and ratings-based psycholinguistic variables (Age of Acquisition, Familiarity, Contextual Availability). Split-half correlations performed for each experimental variable and comparisons with similar databases confirmed that our norms are highly reliable. This database thus provides a new important tool for investigating the interplay between language, perception and cognition.
Introduction
The meaning of words has been suggested to be grounded, at least partially, in the perceptual and motor system (Meteyard et al., 2012 . This idea, usually referred to as embodied semantics (Barsalou, 1999; Glenberg & Gallese, 2012) has found support from many neuroimaging studies showing that processing word meaning involves the recruitment of modality-specific networks distributed across the cortex (Barsalou, 2008; Binder & Desai, 2011; Vigliocco et al. 2009 ). For instance, processing words associated with auditory features (e.g., "telephone") activates auditory areas more than processing words associated with visual features (e.g., "moon"; Kiefer et al., 2008) . Similarly, words referring to concepts that can be experienced through different senses (e.g., "football") activate multiple modality-specific networks (i.e., visual and action-related; Van Dam et al., 2012) . According to the embodied framework, sensory-motor areas directly contribute to language processing via situated simulation, that is, a partial re-enactment of the neural activity crucial for perceptual, motor and affective experience (Connell & Lynott, 2012) .
In order to study the link between sensorimotor experience and conceptual processing it is important to have tools that allow a precise characterization of the sensorimotor characteristics usually associated with a given word/concept. For instance, is a word heavily based on perceptual information? Is it more strongly associated to vision or touch? Is it unimodal (e.g., only visual: "red") or multimodal (e.g., visuohaptic: "round")?
The modality exclusivity norms developed by Connell (2009, 2013 ; see also Lynott et al., 2019 , for the largest existing dataset) provide an elegant tool to inspect the perceptual structure of concepts, and allow researchers to select property words based on specific sensory features of interest. These norms are created by asking subjects to rate the extent to which a word can be experienced through each of the five senses (vision, audition, touch, taste, smell) . By averaging the ratings in each modality across subjects, each word is represented as a vector where each value reflects the strength of perceptual information for each sensory domain. Mean sensory ratings are then typically used to compute further metrics tracking, e.g., modality exclusivity and maximal perceptual strength (Lynott & Connell, 2009 ). These metrics sum up the individual scores on each sense and provide a general characterization of the words' perceptual load profile.
The development of these norms has had an impact in the field. For instance, maximum perceptual strength (i.e., perceptual strength in the dominant modality) has been shown to consistently outperform both concreteness and imageability ratings in accounting for variance in response latency and accuracy in lexical decision, word naming and memory tasks (Connell & Lynott, 2012; van Dantzig et al., 2011) . These norms have been also important to highlight some recurrent interactions between the perceptual structure and lexical characteristics of words. For instance, Lynott and Connell (2013) showed that some aspect of surface word form (e.g., word length, frequency) are associated with the perceptual information that is encoded in the corresponding concept.
We believe that these norms may be beneficial for several other experimental purposes. For example, they might be a valuable tool to improve stimuli selection in studies investigating the relationship between the perceptual organization of concepts and semantic categories (e.g., food, colors, tools; Gainotti et al., 2013) , to model behavioral performance in computational simulation, or to study how perceptual information is integrated into holistic conceptual representations at the neural level (Clarke & Tyler, 2014; Martin et al., 2018) . They might be also important for cross-linguistic studies investigating the extent to which the perceptual organization of concepts is based on culturally specific vs. culturally independent factors Majid & Burenhult, 2014) . Finally, they may help to improve experimental design in studies investigating the role of perceptual experience in conceptual processing with children (e.g., Della Rosa et al., 2010) , atypical and sensory deprived populations (e.g., blind, deaf; e.g., Bedny et al., 2019) , even in conjunction with other larger datasets including nouns and verbs (Vergallito et al., 2019) .
To aid researchers working in these areas, we provide modality exclusivity norms for 643 Italian property words. Property words (i.e., adjectives) are the class of words that arguably better denotes the sensory content of perceptual experience (e.g., red, bright, perfumed, soft; Winter et al., 2018) , as well as the class that exhibits higher modality exclusivity (i.e., the class where it is easier to find purely unimodal words; Lynott & Connell, 2013) . This would favor the production of highly-controlled stimulus sets, allowing to uncover more subtle effects related to the perceptual content of word meaning. In addition to a mean score for each perceptual modality, we report for each word a series of general indexes that track the overall perceptual profile (e.g., modality exclusivity, maximal perceptual strength; Lynott and Connell, 2009) . Differently from most of the existing similar datasets, (i) we included both concrete and abstract words (to the best of our knowledge, only Lynott et al., 2019 has the same feature); and (ii) we augmented the database with a number of psycholinguistic covariates, by collecting further ratings (for Age of Acquisition, AoA, Familiarity, Fam, and Contextual Availability, CA; Carroll & White, 1973 Gernsbacher, 1984 Schwanenflugel & Shoben, 1983) and by computing objective metrics, such as frequency and number of orthographic neighbors (N), based on other existing databases (Subtlex-IT; Crepaldi et al., 2016) .
Methods Participants
A total of 383 native Italian speakers (254 females) participated in this study; 202 (148 females) took up the perceptual strength questionnaire while 181 (106 females) rated words for Fam, AoA, and CA. They were aged 19 to 68 years (mean = 27.22; SD = 10.25). Subjects were recruited and performed the study on line, via Google Forms.
Materials
We created a list of 643 Italian property words (i.e., adjectives). We tried to include adjectives referring to all five sensory modalities (e.g., vision: rosso, red; audition: rumoroso, loud; touch: liscio, smooth; taste: delizioso, delicious; smell: profumato, perfumed), as well as highly multimodal (e.g., forte, strong) and abstract concepts (e.g., puro, pure). Words were collected from a wide range of sources. Where possible, we translated lexical items from Lynott and Connell's database (2009) .
Procedure
The full set of 643 words was randomly split into five lists/surveys (three lists of 129 items and two lists of 128 items). Each survey was rated by 40 to 42 subjects. Participants were presented with each word separately and were asked to rate the extent to which they usually experience the meaning of that word through each of the five senses (touch, audition, vision, smell, and taste). The scale spanned from 0 (not at all) to 5 (greatly). The instructions given to the subjects were translated from Lynott & Connell (2009) . Participants were told that once they had rated a word in each of the five modalities, they could move to the next word. Participants were also told that there were no right or wrong answers, and were encouraged to use their own judgments. Finally, participants were instructed to skip a word when they did not know its meaning. Each questionnaire took about 15-20 minutes to complete.
A similar procedure was adopted to collect ratings for Fam, AoA, and CA. For each variable, the full set of words was randomly split into three surveys (two of 214 and one of 215 items), for a total of 9 surveys. Twenty to twenty-one subjects rated each survey. Familiarity ratings were acquired by asking participants to rate words on a 7-point scale according to their frequency of occurrence in everyday life. The rating scale went from one (not at all familiar/frequent) to seven (extremely familiar/frequent). The instructions to participants were based on Gernsbacher (1984) . For AoA, participants were asked for the age at which they think they learnt a word (Carroll & White, 1973) , similarly to previous studies (Ghyselinck et al., 2000; Kuperman et al., 2012; Montefinese et al., 2019) . Because some previous research on AoA used age bands rather than continuous estimates (e.g., Barca et al., 2002) , numeric values were converted into 7-point scale values. The scale ranges from 1 (age 0-2 years) to 7 (age 13 years and older), with intermediate points on the scale corresponding to 2-year age bands. CA ratings were collected by asking people to rate words on a 7-point scale according to how easy it is to find a context or circumstance in which a word might be used. The rating scale went from one (context not at all available) to seven (context extremely available). The instructions to participants were taken from Schwanenflugel and Stowe (1989) .
For each word we also obtained objective frequency (measured in Zipf; Van Heuven et al., 2014; or normalised on a million words), Orthographic Neighborhood Size (N; Coltheart et al., 1977) , the mean orthographic Levenshtein distance to the 20 closest neighbours (OLD20; Yarkoni et al., 2008) , contextual diversity (CD, the number of contexts in a corpus in which a word appears; Adelman et al., 2006) and word length in letters. These metrics are all based on the Subtlex-IT corpus (Crepaldi et al., 2016) . We report these variables in the database along with the modality norms. Forty-two words were not present in Subtlex-IT and thus present missing values for these objective variables.
Following Lynott and Connell (2009) , the database was augmented with a few variables that characterize each word's perceptual profile: mean modality score, the mean ratings of how strongly a word is experienced through each of the five senses; dominant modality, the modality with the higher strength value; maximum perceptual strength, the strength in the dominant modality; and modality exclusivity, which tracks the extent to which a particular concept is perceived through a single modality, and is computed as the range of the perceptual scores across the five modalities divided by summed perceptual strength (a purely unimodal word will have a modality exclusivity of 1, while a completely multimodal will have a value of 0). We also report the overall sum of perceptual strength values, the sum of the values related to the five perceptual modalities. Finally, we computed entropy across the perceptual scores, which tracks again their variability across the five sense (e.g., entropy is minimal when one value is very high and the other four are very low, i.e., in strongly unimodal words; and maximal when all values are rather similar, i.e., in strongly multimodal words).
Because (i) different groups of subjects rated different word lists and (ii) subjects may have used the scale quite differently, all metrics are offered both raw and based on standardized scores, which were obtained through a z transformation operated within subject:
where S ij is the response given by subject j to word i, and E(S j ) and σ(S j ) are the overall mean and standard deviation for subject j.
Results and discussion
As a first step, we cleaned our datasets from unreliable responses. Fourteen participants were excluded because they completed less than 60% of the survey (nine, one, three and one subject for perceptual strength, Fam, CA and AoA ratings respectively).
Additional unreliable participants were captured through the clustering procedure illustrated in Rodriguez and Laio (2014) . Subjects were modeled as points in an N-dimensional space, where N equals the number of judgments that each participant offered. The ratings for each word define the position of each participant/ point in this space, so that participants with similar judgments will be close and participants with different judgments will be relatively far apart. By applying a clustering algorithm to this space, it is possible to identify outliers as unclustered datapoints. Rodriguez and Laio's procedure was applied separately for each questionnaire and variable, and led to the exclusion of four subjects for what concerns perceptual strength ratings; and five, one and five subjects for Fam, CA and AoA ratings, respectively.
Overall, we collected 130,080, 13,074, 12,860 and 12,860 datapoints for perceptual strength, AoA, Fam and CA, respectively; of these, we discarded 8,370 (6.4%), 1,287 (9.8%), 1,285 (10%), and 857 (6.7%).
We will illustrate in what follows the reliability of the metrics included in the database, and their distribution across the words included therein. In addition, we will describe the perceptual structure of the Italian lexicon as it emerges in the database, via univariate and correlational analyses.
Reliability of the measures
We first checked how our participants used the response scales (Figure 1) . There are interesting differences (e.g., participants cluster more towards the upper end of the Fam and CA scales, as compared to perceptual strength and AoA), but overall, participants seem to have interpreted the scales rather consistently on all variables. This is reflected in the very high correlation between raw and standardized ratings (0.998, 0.988, .986 and 0.992, for perceptual strength, AoA, Fam and CA, respectively).
Figure 1:
Distributions of each subject's overall mean score and standard deviation, for each of the ratings collected in this study.
Reliability was checked by computing split-half correlations over 1,000 random replicates, separately for each questionnaire. Results are reported in Figure 2 , and show good reliability for all ratings-all median correlations are well above 0.80, with a peak 0.98 for perceptual strength judgments. CA fares worse than the other variables, particularly in terms of its lower distribution tail; this mirrors some previous results showing more variability in CA judgments as compared to other lexical, questionnaire-based variables (Borelli et al., 2018) , and may be related to the fact that CA depends more on individual experience, or is perhaps too broadly defined to elicit consistent judgements across participants.
We also compared the ratings produced by our participants against those collected in previous similar studies. We found a strong correlation (r = 0.92) between our sensory ratings and those collected for the corresponding English translations by Lynott and Connell (2009) , suggesting that the perceptual profile of words generalizes quite well between English and Italian. We also attempted to assess the external reliability of the other psycholinguistic variables that we gathered in this new database (Fam, AoA and CA) against those of other existing Italian datasets. Most of the resources available for Italian focus on nouns (e.g., Della Rosa et al., 2010; Navarrete et al., 2019) , and those that include adjectives are typically rather specific (e.g., Borelli et al., 2018, took up pain words) . Therefore, we found only a limited number of shared words to test our metrics. Yet, correlations were all very strong, especially for AoA (r = 0.93 on the 84 words in common with Montefinese et al., 2019) and Fam (r = 0.92 on the 37 words in common with Borelli et al., 2018) . The correlation coefficient was slightly weaker for CA, but still solid (r = 0.79 on the 37 words in common with Borelli eta al., 2018) . Together with the split-half correlations presented above, these correlational patterns confirm the high reliability of our new metrics.
Perceptual structure of the database

Descriptive statistics
The perceptual profile of the words included in our database is illustrated in Table 1 and Figure 3 . Overall, words in our database were judged to be experienced mostly in the visual modality. Perhaps a bit more surprisingly, the second strongest modality is touch, while audition elicited only slightly higher ratings than smell and taste. All modalities range very widely, essentially over the whole scale; this indicates that our database includes words across the entire perceptual strength space, quite nicely. Vision is also the dominant modality for the majority of the words in our database (N = 413), followed by audition and touch (N = 86 and N = 74, respectively). Words dominated by taste or smell are the least common (N = 46 and N = 24, respectively). This pattern is very similar to what was found in previous studies with English (Lynott and Connell, 2009 ) and Dutch (Speed and Majid, 2017) . However, it slightly differs from previous work in Mandarin Chinese, where auditory words were found to be the less common together with olfactory words (Chen et al., 2019) . The large distribution of visual information across words in our database is consistent with previous work on other languages like English (Lynott & Connell, 2009 ), Dutch (Speed and Majid, 2017) , Russian (Miklashevsky, 2018) , Mandarin Chinese (Chen et al., 2019) and Serbian (Đurđević et al., 2016) . Overall, this crosslinguistic pattern provides support for the hypothesis that language semantics exhibits visual dominance in vocabulary usage and structure (Levinson & Majid, 2014; San Roque et al., 2015) .
As illustrated in Figure 4 , visual and auditory words span modality exclusivity quite widely, indicating that the database include both strongly unimodal and strongly multimodal visual and auditory words. Smell words seem to cluster more at the centre of the distribution, while taste and touch words extends a bit more widely, and reach further down the scale towards multimodality (taste words in particular). Despite these differences in uni/multimodality, the average strength in the dominant sense is quite similar in visual (4.41), auditory (4.05), haptic (4.54), olfactory (4.33) and gustatory words (4.69). This seems to suggest that the database features strong words in all modalities, but words strong on touch, smell or taste tend to be also strong on vision and audition (that is, they tend to be multimodal). These patterns are not surprising, since words referring to smell and taste usually refer to highly multimodal concepts such as flavors, drinks and food (e.g., delizioso, delicious; dolce, sweet). On the other hand, many words dominated by vision in our dataset refer to color (e.g., rosso, red; nero, black), which indeed can be only experienced through vision. Similarly, many words referring to the auditory modality describe aspects of our experience that cannot be accessed through other senses (e.g., melodioso, melodic; rumoroso, noisy), thus making them more unimodal compared to words referring to taste, touch or smell. illustrates the features of the words included in the database more generally. Max perceptual strength is strongly right-tailed; because the database focuses on perceptual words, this was to be expected. Note, though, that the lower tail is also populated-these are the abstract words that we included in this database to contrast perceptual words. If we consider the (unavoidably arbitrary) cut-off adopted by Connell et al., (2018) , that is, 2.9, we have 48 abstract words. The perceptual information that was attributed to these words is mainly visual (the median score on vision is 2.34, Q1 = 1.91, Q3 = 2.67) and auditory (M = 2.00, Q1 = 1.56, Q3 = 2.30). Unsurprisingly, their modality exclusivity is very low (M = 0.35, Q1 = 0.10, Q3 = 0.54) compared to the remaining concrete words (M = 0.48, Q1 = 0.03, Q3 = 0.98), as no modality considerably dominates over the others. The other variable distributions are less tailed, with the exception of number of lexical neighbors (most words in the database live in a rather sparse lexical space). AoA, Fam and CA distributions are nicely wide, but they do tend more towards the upper end-this was also expected, given that concrete words tend to be acquired early, be rather familiar and easily elicit contexts of use (Paivio, 1971; Schwanenflugel, 1991) . Figure 6 offers a few spider plots illustrating with example words the properties that we just highlighted. Table 2 illustrates the correlation between the perceptual variables and the other lexical-semantic indexes (e.g., Zipf, AoA). The top-left area of the correlational matrix reports correlations among the perceptual variables, and is dominated by the strong relationship between gustatory and olfactory ratings (r = 0.76). This pattern replicates a finding that emerged in previous similar studies using English, (Lynott and Connell, Figure 6 : Spider plots illustrating the perceptual strength scores on the five senses for some example words, each of which is deemed representative of its class (vision unimodal for "bright", vision multimodal for "strange", audition unimodal for "silent", audition multimodal for "suave", touch for "soft", smell for "perfumed", taste for "disgusting" and abstract for "metaphysical"). (Speed & Majid, 2017) , Mandarin Chinese (Chen et al., 2019) and Russian (Miklashevsky, 2018) , uncovering an interesting cross-linguistic symmetry between Italian and these languages. The coupling of gustatory and olfactory experience in language semantics fits well within theories claiming that flavor perception can be considered as a unified, multisensory sense (e.g., Auvray & Spence, 2008) . The second strongest positive correlation is between haptic and visual ratings (r = 0.34). The tendency of touch words to include information from the visual dimension likely reflects the fact that these words usually define properties of objects and tools, which can indeed be typically accessed through both vision and touch. Auditory ratings negatively correlate with all the other ratings, showing a general tendency of auditory information to dissociate from information coming from other senses. Importantly, the coupling of gustatory and olfactory experience in language semantics, as well as the dominance of vision mentioned above, seem to hold not just across languages, but also across grammatical categories (e.g., adjectives, nouns, verbs). Indeed, despite our database includes only adjectives, we nicely replicate previous studies using nouns and verbs in this respect (e.g., Vergallito et al., 2019; Winter et al., 2018; Speed and Majid, 2017) , which is interesting given that words belonging to different grammatical categories play different roles in language, and usually denote bunches of perceptual experience that differ quite importantly (e.g., objects, descriptions, events and activities).
Correlational analyses
The bottom-left part of the correlational matrix illustrates the relationship between the perceptual and the psycholinguistic variables. Maximal perceptual strength correlates negatively with AoA (r = -0.40) and CA (r = -0.25)-perceptually loaded words are typically learnt earlier in life and more easily elicit contexts of use (Paivio, 1971; Schwanenflugel, 1991) . Interestingly, AoA correlates negatively also with visual (r = -0.31) and haptic (r = -0.20) scores, suggesting that the property words that are usually acquired earlier in life are those referring to visual and haptic experience.
The perceptual structure behind our modality strength judgments was explored more in depth via Principal Component Analysis. The two most important dimensions account for 72% of the total variance and, in line with the correlational patterns, highlight a visuo-tactile, an auditory and a gustatory-olfactory cluster (Figure 7) . Interestingly, when a Varimax rotation is applied to make the components more easily interpretable, each of them does seem to specifically track one sense (although this is less clear for smell and taste, as expected; Figure 8 ; Speed & Majid, 2017) .
Conclusion
We developed the first database with modality exclusivity norms for Italian words, as has previously been done with English (Lynott and Connell, 2009 ), Dutch (Speed and Majid, 2017) , Serbian (Đurđević et al., 2016) , Russian (Miklashevsky, 2018) and Chinese (Chen et al., 2019) . The database includes 643 words, thus providing a wide set of stimuli to help researchers interested in the relationship between language and perception. For each word we computed a mean score on each sensory modality, plus a number of general metrics that track the overall perceptual profile of each word (e.g., Maximum Perceptual Strength, Modality Exclusivity). We also augmented the database with several subjective and objective lexical-semantic indexes that are known to influence word processing (e.g., Zipf frequency, AoA). This resource is thus much more than a mere set of modality exclusivity norms, and allows to tap perceptual variables against other lexical metrics unrelated to perception.
Figure 8:
Loadings on the five modalities by five Principal Components when a Varimax rotation is applied to PCA to maximise component interpretability.
